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FIGURE 2
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1
CONVERSION OF AN IMAGE TO A
TRANSPARENCY RETAINING
READABILITY AND CLARITY OF DETAIL
WHILE AUTOMATICALLY MAINTAINING
COLOR INFORMATION OF BROAD AREAS

BACKGROUND OF THE INVENTION

In long distance learning, presentation material is dis-
played on a screen or board, and the presenter stands to the
side or at times in front of the board or screen, talking about
the subject and pointing to illustrations or text on the screen
that would enhance the effectiveness of his presentation. In
order to encode and transmit a visual of his lecture to a distant
location, the presentation material is sent electronically, pref-
erably from its original digital source if available, rather than
a likely degraded “second generation” image from a camera
capturing the original presentation screen. However, it is also
desired that the presenter be shown as well, so as to make the
material more relatable on a human level, through his ges-
tures, social cues, and real time reaction to the material, and to
the audience, bringing the lecture to life.

Atthe remote distant location, the presenter is shown along
with the presentation material. This is typically done by dis-
playing the presentation material on part of, or all of, the
receiver’s screen, with the presenter in a separate frame or
“window”, typically displayed on a corner of the screen. The
presenter can also be composited over the presentation mate-
rial to appear to be standing in front of it. The compositing of
a foreground over a background has many methods of imple-
mentation. Foreground elements are isolated from an image
so that what surrounded that element is replaced by the back-
ground image. Foregrounds elements will typically have both
opaque and transparent areas that need to be identified and
preserved in the finished composite.

Numerous techniques have been developed to facilitate
compositing. Blue screen and green screen, front projection
retro-reflective photography, sodium light, infra-red, ultra
violet, chroma-key, stereo pair images, depth keys, difference
keys and many other matte extraction techniques are well
known and employed every day.

The present invention provides an improved method to
integrate the presenter with his presentation material by using
the presentation image as the foreground with both opaque
areas and transparent areas through which the presenter can
be seen as though standing behind it, and do this in a way that
does not obscure nor degrade the readability of the text or
other detail shown in the presentation material. In addition,
any video source, either live or recorded, can be shown as the
background instead of the presenter. These can be, for
example, live images of the participants, collectively, like in a
classroom, or individually, or of another presenter whose
image is received from a distant location. If the graphics
foreground layer is composited over the distant participant, it
can be sent back to the participant so he can see himself
behind the graphics facilitating his interaction.

SUMMARY OF THE INVENTION

The present invention converts an image into a variable
density transparency, or “foreground image with matte”, on
which the readability of text and other detail is preserved after
compositing with a background, and which allows the back-
ground to be seen through areas in the foreground while
maintaining some of the color of the foreground areas.

The Problem:
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Normally, a simple blending by some proportion of dis-
solve of two images can cause confusion when observing the
details in each. It is not always clear which detail belongs with
which image. Employing a chroma key or “color range”
compositing technique to place graphics over a background
image avoids background detail from showing through the
foreground subject, reducing some of this confusion for the
solid graphics areas which are a single color or smoothly
varying colors, because the background detail is not visible at
all in these areas. But this is also a problem in that these areas
might cover parts of the background that should preferably be
visible to effect better integration of the foreground and back-
ground, e.g. of the presentation material and the presenter.

The readability of small detail such as text on the fore-
ground image also depends on this detail contrasting against
its background. For example, black text will disappear if
composited over a black background. It is therefore necessary
to provide a means to maintain this essential contrast in the
composite if we are to maintain readability of the text in the
composite. The process described in the sequel will maintain
this contrast, making the text and detail more readable and
clear while allowing more of the background to show through
the single color or smoothly varying colors areas of the fore-
ground. It will also maintain a predetermined level of color of
these single color or smoothly varying colors areas.

Forming the Transparency:

The conversion of an image to a transparency or “fore-
ground image with matte” is done by forming a “matte”, or
map of transparency levels distributed over the image pixels.
Thus, in this disclosure, the term “matte” represents transpar-
ency levels. This map is typically represented by a monochro-
matic image. By convention, the complement of this trans-
parency matte, which would be an opacity map, is often
incorporated into the image as an additional image channel,
called the “alpha” channel, in addition to the usual color
channels, such as the red, green, and blue component chan-
nels for an RGB color image.

Inthe present invention, the matte levels are determined by
the “edge” or “edginess” level of each pixel in the foreground
image. These are scalar values obtained from an edge evalu-
ator such as a derivative, laplacian, or similar filter convolved
with the foreground image. Note that some of these filters
would ascribe edginess to pixels in the neighborhood of the
peak edge, decreasing with distance from that edge. See
FIGS. 2 and 3. The edge evaluator can also consider normal-
izing these scalar values by values in the edge’s neighbor-
hood, to obtain detection based on ratio of values, rather than
just based on value differences.

In forming the matte, greater edginess is interpreted as low
transparency, and lack of edginess is interpreted as high trans-
parency. In other words, continuous smooth (i.e, a single
color or smoothly varying colors areas) regions of the fore-
ground become (at least partially) transparent, and edges such
as text or other detail become opaque to the background; the
level of edginess and the level of transparency are inversely
related, and the matte level, i.e. the transparency level of each
pixel, can range from 0.0 (fully opaque) to 1.0 (fully trans-
parent). To allow some of the foreground color to be visible
even in smooth areas of the foreground, the matte level, or
level of transparency, can be limited to some preselected
maximum.

Compositing:

With the matte determined, the compositing process is well
known: The composite color can be computed as a weighted
average of the background pixel color and the corresponding
foreground pixel color. The matte or transparency level is
used as the weight, or modulation, of the background color,
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and its complement as the weight or modulation on the cor-
responding foreground pixel color. In the distance learning or
conferencing application described above, the background
would typically consist of a live presenter image received
from a distant location.

Retaining Readability:

Since the edge is clear and readable in the foreground
image, retaining the foreground pixel colors in the neighbor-
hood of the edge would retain this readability in the compos-
ite. Therefore readability in the composite would be enhanced
if the matte indicates at least some level of opacity in the
neighborhood of a strong edge, an edge indicated by a zero
matte level. This can be achieved by expanding the zero-matte
areas by a few pixels, or blurring the matte. Since blurring the
matte would reduce the opacity (edginess) at an edge, the
matte or its complement can be scaled to retain the original
matte level at the edge. Alternatively, an edge evaluator that
indicates some level of “edginess” for pixels surrounding the
edge would also attain the same effect. Parameters used by
such an edge evaluator can determine the size of the neigh-
borhood affected, much like the blurring window size when
blurring.

Using Existing Compositing Methods:

By compositing the transparency formed using the method
of this invention over a blank green-screen, the foreground
image is seen as though being in front of a green-screen and
can be used as such to composite with other backgrounds
using existing green-screen compositing methods.”

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the preferred implementation
of the invention.

FIG. 2 illustrates the edge or opacity computation of the
preferred embodiment, showing gradual reduction of opacity
with distance from the peak edge.

FIG. 3 illustrates the edge or opacity computation of the
preferred embodiment, showing gradual reduction of opacity
with distance from the peak edge, but using a more sophisti-
cated low pass filter.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to forming a matte in a prescribed
manner and using this matte to composite the foreground over
the background.

In the preferred embodiment, the matte is formed as fol-
lows.

1. Blur a copy of the foreground image horizontally using
a selected blur window length.

2. Blur the result vertically using a selected blur window
length.

3. Compute the color or brightness difference between
each foreground pixel and the corresponding pixel in the
blurred image.

4. Compute the magnitude or absolute value of this difter-
ence for each pixel.

5. Determine or select a threshold on this magnitude, above
which an edge is to be considered definite.

6. Divide this magnitude by the threshold, resulting in a
value range from 0.0 to 1.0.

7. Clip resulting values that are greater than 1.0, to 1.0.

8. Compute the complement of the result for each pixel.
This is the matte or transparency level for each pixel.

9. Multiply the matte computed to this point by a scale
factor. This results in limiting the level of transparency over
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4

the entire foreground, permitting non-edge parts of the fore-
ground to be visible at a level indicated by that scale factor.

With the matte determined, a composite can be formed as
a weighted average of a background and the foreground
image, with the matte as the weight or modulation of the
background, and its complement as the weight or modulation
of the foreground.

This method uses two main parameters: blur window
length, and a threshold or scaling factor. The blur window
length can be used for both horizontal and vertical blurring.

Otherwise, this parameter can be replaced by two param-
eters: one for horizontal blurring and the other for vertical.

An additional optional adjustment is to set a maximum
transparency level, indicating the maximum transparency
permitted for each pixel. This allows more of the foreground
colors to show even in smooth areas without edges. This
additional optional adjustment can be implemented simply by
multiplying the matte by the factor indicated by the adjust-
ment, the factor ranging from 0.0 to 1.0 inclusive.

The method described in this invention can be imple-
mented as a software application in a general purpose com-
puter, or as hardware/software combination, using FPGA
devices, GPU devices or other dedicated image processing
devices. FIG. 1 illustrates a preferred embodiment of a hard-
ware/software processing apparatus, diagraming the process
as follows:

The presentation or foreground image FG 1 is passed
through a low pass filter LPF 2. The absolute difference or
magnitude of the difference between the original foreground
FG and the filtered version is computed in the AD block 3.
This difference is then multiplied by an input scaling factor
OP 4 to convert the range of this absolute difference to an
opacity range in which O represents no opacity (total trans-
parency) and 1.0 represents complete opacity (zero transpar-
ency). The opacity level is then clipped 5 so that any levels
above 1.0 are replaced by 1.0. The opacity levels are then
converted to transparency levels by complementing 6 the
opacity (subtracting from 1.0). The result is then multiplied
by an input transparency factor TR 7, with the effect of
limiting the transparency to not exceed TR. The result is then
clipped 8 at 1.0. This clipped result is the matte, which pro-
vides scalar values (is monochromatic) ranging from 0.0 to
1.0 and representing transparency levels for each pixel in
which O represents complete opacity (zero transparency) and
1.0 represents complete transparency (total transparency).

The scaling factor OP 5 is user determined based on
whether the user wants the edges to reach full opacity,
whereas the scaling factor TR 7 is user determined based on
whether the user wants the smooth areas with no edges to be
fully or only partially transparent—that is, fully background,
or some mix with the foreground color.

In general, it would be preferred that the text and lines as in
line drawings should be fully opaque, and the user would
determine the values to use by observation, but other methods
could be employed based on the method of estimating edge
levels, and the distribution of pixel values and value variations
expected for the material being presented.

Also, this adjustment need not be made separately for each
image—it could (and generally would) be fixed after an initial
adjustment, generally based on observation/experimentation,
e.g., when the system is setup, to accommodate the material
generally presented.

The original foreground image FG 1 is then subtracted
from an input background image BG 9 and multiplied 10 by
the matte produced by the process described in the previous
paragraphs. This product is then added 11 to the original
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foreground FG, and the value range clipped by clip blocks 12
and 13 to remain within a valid color range, forming the final
composite.

Note that the D blocks represent delays for synchronizing
the timing between the different signal paths. Also, the above
mentioned range [0.0,1.0] is represented in the apparatus by a
suitable integer range. For example, for data apparatus using
10bitdata, the range between 0.0 and 1.0 is represented by the
range of integers from 0 to 1023.

Referring now to FIGS. 2 and 3, that if the blur (low pass
filter 2) in steps one and two uses simple neighborhood aver-
aging, the opacity would decrease to transparency linearly
with distance from the peak edge as shown in FIG. 2. But if
the blur uses weighted averaging like a Gaussian blur, the
transition from opacity to transparency around an edge would
be more graceful as shown in FIG. 3. In this connection,
graphs 1, 2 and 3 in FIGS. 2 and 3 correspond to elements in
FIG. 1 as follows: the signal FG 1, the output from low pass
filter 2 and the output from absolute difference block 3,
respectively.

Graph 1 shows a step function representing value varia-
tions over FG pixels in the neighborhood of an “edge” pixel.
The value range used is [0.0,1.0].

Graph 2 shows the result of a simple low pass filter (aver-
aging the neighborhood pixels), which results in a linear ramp
from O to 1, centered at the above mentioned edge pixel.

Graph 3 shows the absolute difference between the original
(step function) and the low pass filtered version, forming a
pyramid, with a peak at the original edge pixel, reaching a
level of 0.5.

We claim:

1. A method for converting an image into a transparency, or
foreground image with matte for compositing with a back-
ground image, comprising:

a) determining an edge level for each pixel in a foreground

image,

b) interpreting the determined edge levels as opacity levels
for pixels of the foreground image, said opacity levels
ranging from fully transparent at a first edge level, to
fully opaque at a second edge level, to form a matte and
a foreground transparency, wherein said first edge level
is less than said second edge level; and

¢) compositing said foreground transparency with said
background image, wherein said interpreting of the
determined edge levels as said opacity levels is per-
formed to preserve the readability of text and other detail
in said foreground image after said compositing.

2. A method according to claim 1, in which said interpret-
ing includes determining a threshold on the edge levels, above
which an edge level is interpreted as completely opaque.

3. A method according to claim 2, in which the edge level
for each pixel is calculated by dividing the edge levels by the
determined threshold, and clipping the resulting levels above
1.0 to 1.0 to create an opacity matte, whose complement is a
transparency matte.

4. A method according to claim 3 in which the opacity level
is limited to a maximum level by scaling the transparency
matte to a maximum level ranging between 0.0 and 1.0.

5. A method according to claim 1, in which the determining
an edge level comprises computing at least one of:

a) a difference,

b) a normalized difference and

¢) a ratio between the foreground color of a pixel, and the
color of the corresponding pixel in a low pass filtered
version of the foreground pixel.

6. A method according to claim 1, in which the determining

an edge level comprises computing at least one of:
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a) a difference,

b) a normalized difference, and

¢) a ratio between the foreground color of a pixel, and the
color of the corresponding pixel in a low pass filtered
version of the foreground pixel as at least one of the
foreground and low pass filtered foreground color value
changes.

7. A method according to claim 1 in which the opacity level

is limited by a predetermined maximum level.

8. A method according to claim 1 in which a distribution of
said opacity levels over the foreground image pixels is
blurred.

9. A method according to claim 1 in which a distribution of
said opacity levels over the foreground image pixels is res-
caled.

10. A system for converting an image into a transparency,
or foreground image with matte, on which the readability of
text and other detail is preserved after compositing over a
background image, comprising:

a) a low pass filter unit configured to receive a foreground

image signal;

b) an absolute difference unit coupled to said low pass filter
unit and configured to receive said foreground image
signal and a low pass filtered version of said foreground
image signal and to calculate an absolute difference
between said foreground image signal and said low pass
filtered version of said foreground image signal;

¢) a multiplier coupled to said absolute difference unit
configured to receive said absolute difference and mul-
tiply said absolute difference by an opacity scaling fac-
tor to convert said absolute difference to an opacity level
between 0 and a number greater than wherein O repre-
sents complete transparency and 1 represents complete
opacity;

d) a clip unit coupled to said multiplier to replace said
opacity level if greater than 1 to an opacity level equal to
1;

e) a complementing unit coupled to said clip unit to calcu-
late a complement to said opacity level output by said
clip unit;

1) a second multiplier coupled to said complementing unit
configured to receive said complemented opacity level
and multiply said complemented opacity level by a
transparency scaling factor to convert said comple-
mented opacity level to a transparency level between 0
and a number greater than wherein O represents com-
plete opacity and 1 represents complete transparency;

g) a second clip unit coupled to said second multiplier to
replace said transparency level if greater than 1 to a
transparency level equal to 1 to generate a transparency
matte signal;

h) a difference unit configured to receive said foreground
image signal and a background image signal and calcu-
late a difference between said background image signal
and said foreground image signal;

1) a third multiplier coupled to said second clip unit and said
difference unit and configured to multiply said calcu-
lated difference by said transparency matte signal to
generate a product signal;

j) an adder unit coupled to said third multiplier and con-
figured to receive said foreground signal and add said
foreground signal to said product signal to generate a
composite signal having a red component level, a green
component level and a blue component level;

k) a third clip unit coupled to said adder unit to convert each
of said red component level, said green component level
and said blue component level if less than 0 to 0; and
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1) a fourth clip unit coupled to said third clip unit to replace
each of said red component level, said green component
level and said blue component level if greater than a
predetermined maximum value with said predetermined
maximum value. 5
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